A series of high-quality single crystals of Cu 1−x Zn x GeO 3 have been examined by neutron scattering techniques. An antiferromagnetic (AF) ordering is confirmed for samples with x ≥ 0.02, in complete agreement with previous reports. We show that the spin-Peierls (SP) phase transition persists to 6% Zn, whereas previous magnetic susceptibility measurements reported a deterioration of the SP transition above 2% Zn. We present some details of the successive transitions upon lowering temperature into the spin-Peierls phase which is followed by a transition into an antiferromagnetically ordered phase. Below the Néel temperature we observe the coexistence of the SP lattice dimerization and AF states.
I. INTRODUCTION
Shortly after the discovery of the inorganic spin-Peierls cuprate CuGeO 3 [1] , a series of extensive studies were begun on systems where Cu atoms were replaced with Zn [2, 3, 4, 5, 6] or Ge was replaced with Si [7, 8, 9] . It is now well established that a new antiferromagnetically (AF) ordered phase appears as shown in the phase diagram of Figure 1 obtained on powder samples [2] . The spin-Peierls (SP) transition temperature is near 14K for the undoped material, decreases in temperature with increased Zn concentration, and seemed to disappear around 2% Zn [2, 6] ; at 4% Zn the magnetic susceptibility no longer shows a SP transition but only shows an AF transition with a Néel temperature of T N ∼ 4K [3] (inset of Figure   1 ).
Two recent neutron scattering reports have shown the existence of the AF ordering with its associated superlattice peak at (0 1 1 2 ) for 3.4% Zn-doped [5, 6] and 0.7% Si-doped [9] CuGeO 3 . In the latter study, Regnault et al. showed the successive SP and AF transitions with two separate branches of magnetic excitations below T N [9] . The coexistence of the SP and AF states was first demonstrated in their work.
The AF state in Zn-doped CuGeO 3 is certainly unusual. Undoped, the low dimensional chains in CuGeO 3 form a SP ground state with an accompanying lattice dimerization below about 14 K. The AF order is induced when impurities are doped into this SP spin-singlet ground state. The present paper presents preliminary neutron scattering results on 2% and 4% Zn-doped CuGeO 3 showing the SP and AF transitions and the interplay between these two states.
II. EXPERIMENTAL DETAILS
A series of relatively large (∼ 0. 
III. PHASE TRANSITIONS
We show the temperature dependence of the intensities of the two superlattice peaks at ) peak has become noticeably weaker (note the right-hand scale). The AF peak intensity shows an onset giving a Néel temperature near 4K. In this sample we can clearly observe a decrease in the SP superlattice peak intensity below T N (indicated in Fig. 3 by a dashed line). This indicates that while the two states are coexisting, the magnitude of the SP lattice dimerization is affected by the onset of antiferromagnetism.
Similar measurements of T SP and T N were performed on a 6% Zn-doped CuGeO 3 crystal.
The results for all Zn-doped compounds investigated are presented in the inset to Figure 3 .
In contrast to the initial phase diagram determined by susceptibility measurements (Figure   1 ), we have shown that the SP transition does not go away upon doping with Zn, but instead remains at approximately 10K as the dopant level is increased. Furthermore the SP dimerization and AF ordered states are observed to coexist in all Zn-doped samples studied.
All Bragg peaks for the 2% and 4% Zn-doped crystals are resolution limited meaning that the SP and AF orderings are long-range in nature. we estimate the zero temperature magnetic moment to be µ ≈ 0.2µ B ; this is quite close to the value (µ ≈ 0.22µ B ) reported by Hase et al. [6] . The decrease in the intensity of the SP superlattice peak can be used to estimate the decrease in the atomic displacement δ from the SP dimerization in pure CuGeO 3 . Using the observed form factor of the (0 2 1) Bragg peak as a reference and comparing the previously measured pure CuGeO 3 results (here we will denote the atomic displacement of a sample with x Zn dopant as δ x ) we find that δ 0.04 ≈ 2 3 δ 0 .
IV. DISCUSSION
The most interesting result from the study of doped CuGeO 3 is the coexistence of the SP lattice dimerization and the Néel state at low temperatures. This was first reported for a 0.7% Si-doped sample by Regnault et al. [9] and is reported in the present paper for a wide range of Zn doping. Usually two ordered phases of these types are mutually exclusive.
Recently Fukuyama et al. 
